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SOME APPROXEVIATE EQUATIONS FOR THE STANDARD ATMOSPHERE 

By Waltzb S. Diehl 



SUMMARY 

This report, which vxls prepared Jor publication by the 
National Advisory Committee for Aeronautics, contains 
the derivation of a series of simple approximate equations 

for density ratios ^ » j' and for the pressure ratio ^» 

in the sta ndard atmosphere. The accuracy of the various 
equations is discussed and the limits of applieaHoTis are 
given. Several of these emotions are in excellent agree- 
ment with the standard ralues. 

INTRODUCTION 

A number of factors were considered before the 
adoption of an aeronautical standard atmosphere for 
use in the United States. A large majority of aero- 
nautical requirements are met in any standard atmos- 
phere which simply specifies the pressures, tempera- 
tures, and densities at various altitudes. For this 
reason it was decided that the standard atmosphere 
should be based on some simple but definite relation 
which gave pressures, temperatures, and densities in 
close agreement with the average observed values. 
The Weather Bureau, after comparing various for- 
mulas with observed data, concluded that Toussaint's 
formida for linear decrease in temperature with alti- 
tude up to the lower level of the isothermal atmosphere 
at a temperature of — 55° C. not only gave the most 
satisfactory results, but it also had the great advantage 
of extended official use abroad.^ For these reasons it 
was adopted for official use in this countiy. 

In extended use the standard atmosphere has proved 
quite satisfactory, but there are certain special cases 
in which simple mathematical relations are essential 
in order that integrations may be performed. This 
condition has led to some criticism of the present 
standard atmosphere, chiefly by those who prefer a 
simple exponential expression for the density ratio. 
It is possible to write approximate equations of various 
forms which wiU give fair to excellent agreement with 
the specified values in the standard atmosphere. Such 
approximate equations are sufficiently accurate to meet 
all ordinary requirements. The need for a ^tematic 
series of these equations is apparent. 

1 Staiulard Atmosphae." W. B. Qregg, N. A. C. A. Tedmlcal Beport No. 1«7 
(IS23). 



In this report no attempt has been made to assemble 
more than a representative series of simple approxi- 
mate equations of the forms most frequently required. 
It should foe understood that many other types may 
be used and that greater accuracy can be obtained by 
the introduction of additional terms or constants. The 
complex forms, however, have such limited application 
that their inclusion here is hardly justified. 

In all of the equations given in this report the values 
of the constants are based on the altitude k expressed 
in feet. Since the values of nondimensional pressure 
and density ratios at a given point are independent of 
the altitude units, a conversion to the metric system 
may readily be made if required by the substitution 
of (3.28083A«) for A in the equation, A« being the alti- 
tude in meters. 

EXACT EQUATIONS 

By definition, the variation of absolute temperature 
in the standard atmosphere is given by 

T=T,-ah,oj: ^^=(1-JA) 

For Tin " C. and h in meters, the value of a is 0.0065, 
or for T'm °F. and A in feet the value of a is 0.00356617. 
The value of To is 288° C. or 618.4° F. 

In N. A. C. A. Technical Note, No. 99* it is shown 
that 

where R is the gas constant for air. Substituting the 
standard numerical values of the constants gives for 
A in feet, 

p^ V 145366/ ^ ' 

7r(}-T^T^ ^^^^ 

Equations (1) and (la) are exact up to the lower 
level of the isothermal atmosphere (A = 35332 feet). 
Other equations ' apply in the isothermal atmosphere. 

I "Notes on the Standard Atmosphere," by Walter S. Diehl, 1922. 

> Tor 8 oompOatlon of omstants, emct eqoatlona and other data, see "Standard 
Atmosphere— Tables and Data," b7 Walters. Diehl, N. A. C. A-TedmicalB^act 
No. 218(1928). 
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Expanding equation (la) and neglecting all but the 
first two terms of the series gires 



£=1. 



4.255A 
145366' 



32000 



28000 



§20000 

i 

> /eooo 

1; /2000 
•5 



BOOO 



4000 





























\ 




























V 


■p/ 


'Pc 


ifar 


Kfo/ 




■a/u 


es 










\ 




























\ 




.P/ 




1- 




fOOi 


OO 










\ 




\ 


















































































nJ 




























\ 












































f 








341 


60 























































































































.40 .50 .60 .70 .&) 30 
Density ratio p/p^ 

FlOljBK 1 



I.OQ 



On Figure 1 there is given a plot of equation (2) 

compared with the standard values of — • The agree- 

P» 

ment is not satisfactory except for very low altitudes, 
not greater than about 4,000 feet, ha shown on 
Figure 1, much better average agreement can be 
secured up to about 16,000 feet if the slope of the line 

is changed by usmg instead of in equation 
(2). The comparative values of — are as follows: 

Ps 





Altitude 


2,000 
feet 


4,000 
feet 


0,000 
feet 


8,000 

feet 


10,000 
feet 


12,000 
feet 


14,000 
feet 


V <ooooj ^— 


.9414 
.9500 


asssi 

.8828 
.0000 


a83S8 
.8244 
.8S0O 


a78j!e 

.7658 
.8000 


a7384 
.7073 
.7500 


a 6931 
.8487 
.7000 


a64S9 
.5902 
.8500 



The second approximation is probably the best that 
can be obtained from a simple linear equation. It is 
sufficiently accurate at low altitudes for most purposes 
where an approximation can be used. 



If the third term in the expansion of equation (la) is 
retained, we have 



P» 



34160 



Values from this equation are plotted on Figure 2 
for comparison with the standard curve. The agree- 
ment is very good up to about 16,000 feet, above 
which the values from the equation are too high. A 
marked improvement can be obtained by the use of a 
larger constant in the denominator of the third term 
of the expansion. For example, if 59000 is used 
instead of 55236, the equation i^ 
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and the resulting agreement is excellent up to 25^000 
feet. Comparative values are as follows: 





Altitude 


5,000 
foot 


10,000 

feet 


15,000 
feet 


20,000 
feet 


25,000 
feet 


30,000 
feet 




assis 
.sais 

.8608 


a7384 
.7400 
.7360 


a 6291 
.6347 
.6268 


a 5327 
.5468 
.5292 


0.4430 
.4730 
.4475 


a 3740 
.416S 
.3800 


^-nm^ym) 

^~m^\Jm^) ~ 



The exponential approximate equation for the den- 
sity ratio is 

Po 



(4) 
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A logarithmic form of the approximate equation is 



At one time this equation was used extensively to 
designate a standard atmosphere and it is still used in 
some lines of work on accoimt of convemeiiee in 
certain mathematical operations. In the N. A. C. A. 
standard atmosphere, c varies with altitude. A plot 

of calculated values gives ^=3416.0 — 0.12A, so that 

below 20,000 feet the average value of c is 33^' 
Hence 

a *_ 

— =e samo Usi) 

and an excellent approximation is obtained by the use 
of 

= g~(341«0-0.12*) 



Po 



(5) 



which allows for the variation of c. Comparative 
values for equations (4a) and (5) are as follows: 





Altitude 


SJXO \ 10,000 
feet j feet 


15.000 
feet 


&et 


SS,000 

bet 


30^000 
feet 


•^staodanl 


0.S61S 


Q.73S1 
.738S 


.tiOS 
.8290 


asS27 

.sua 

.fi329 


dim 

.4SS3 
.4188 


asT4o 

.4025 
.8745 


p< 

k 
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t Kin-t.Uk 


.8600 
.S61S 





An approximate equation of the form 

1 



p.. 



l + ch 



(6) 



can not be used owing to the rapid variation of c. 
The variation in 7 is linear with h, however, and given 

by 

-= 33600 -0.53A (7) 

o 



substituting this in equation (6) gives 

p 33600 -0.53A 
P. 33600+ 0.47A 



(8) 



This approximate equation gives excellent agree- 
ment with the standard values as shown bj the 
following comparison: 





Altitude 


6,000 
feet 


10,000 
feet 


15,000 
feet 


20,000 
feet 


26,000 
feet 


30,000 
feet 


— standard— „_.........._ 


assie 

.8612 


a7384 
.7388 


a 5291 
.0308 


a5327 


0.41SO 
.4488 


a 3740 
.8712 


UeOO-(LBSK 

33800+0.47*- 



(9) 



where c has an average value of ^^qqq ' Substituting 
this in equation (9) gives 



p , / 91300 \ 
-=log(g 



.33600+ a7 



(10) 



Up to 26,000 feet this equation gives excellent 
agreement as shown by the following comparison: 





Altitude 


5,000 
fset 


10,000 
tMt 


16,000 
feet 


20,000 
feet 


25,000 
Ceet 


30,000 
feet 


— stnndatd 


a 8618 
.8615 


a7384 
.7390 


a 6291 
.6304 


0.6327 
.5830 


Ql44S0 
.44(0 


a 8740 
-.3612 


f' /Biaoo \ 

'""Uaoo+t; : 



The foregoing equations represent the types most 
frequently required. Many others may be found and 
those given may be modified as necessary for particular 
purposes. Table I lists the various equations as 
given and shows the deviations from standard values. 

APPROXIMATE EQUATIONS FOB ^ 

P 



The linear approximation for — is 



P.; 

P 



P 



(11) 



When c=; 



this equation deviates less than 

1 



30000 

1 per cent up to about 10,000 feet. When c= 
it is within 5 per cent up to 20,000 feet. 



25000 
The value of 



1 

- varies almost linearly witii altitude and a direct 



plotting gives 



i= 34160 -0.567A 
e 



(12) 



The equation obtained by substituting equation (12) 
into (11) is practically identical with that obtained by 
inverting equation (8). Hence, using the latter, 



p._ 33600+0.47A 
p 33600 -0.53A 

This is quite acciurate up to 30,000 feet. 

Introducing an h* term in equation (11) gives 



(13) 



^• = 1 + ; 



z+bh* 



(14) 



p 34160 

This form is not very satisfactory, since -Jb varies 
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from tAt^ at sea level to „^L^ at 20,000 feet. The 



45000 



37000 



average value is V&=4o~ or 6A*=(^J. 

The exponential form is obtained by changing the 
sign of the exponent in equations . (4) and (5). 



and 



P? _ g eft _g 83000 
P 

^=e(,mw-o.m) 
P 



(15) 



(16) 



Equation (15) is within 1 per cent up to 15,000 feet 
and within 2.5 per cent up to 20,000 feet, which is 
about the limit of its application. Equation (16) like 
equation (5) is very accurate up to 30,000 feet. 

In the logarithmic form of the approximate equa- 
tion 



^=log ie + ch) 



(17) 



the coefficient c varies rapidly with h and below 25,000 
feet has an average value of 



(18) 



" 12000 -0.33A 
Substituting this into equation (17) gives 
/'32600 + 0.10A\ 



Pel / 32tiUU-i-U.lU/t. \ 

p °^U2000-0.33A/ 



(19) 



This equation is fairly accurate up to 25,000 feet, 
above which it deviates rapidly from the standard 
values. 

The accuracy of these equations at various altitudes 
is indicated in Table 11. 

APPROXIMATE EQUATIONS FOR 

The linear approximation for^^i from equation (11), 



IS 



V 



^=l + KcA 
p 



(20) 



When Kc = QQQQQthis equation is within 1 per cent up 
to 15,000 feet and within 5 per cent up to 25,000 feet. 
When Mc=gQ^the equation deviates more at low al- 
titudes, but it is within about 3 per cent up to 30,000 
feet. 

Introducting an term in equation (20) as in equa- 
tion (14) gives 



V 



(21) 



When W ^(, 68320 / equation is within 1 per cent 
up to 30,000 feet. 

The approximate equation corresponding to (8) and 
(13) is 

fi, K+eh 



p~K- (l-c)A 



(22) 



This is formed from equation (20) by determining the 
variation of (Kc) with A, which on plotting is found to 
be 

68320 -0.707A 
Substituting this into (20) gives 

fJo 68320 + 0.293A 



p 68320 -0.707A 



(23) 



This equation is within 1 P®"* cent up to 30,000 
feet. 

The exponential approximate equations are ob- 
tained from equations (IS) and (16) by dividing the 
exponent by 2 in each case. That is 



and 



^= £68000 



(24) 



(25) 



Equation (24) is mthin 1 per cent up to about 20,000 
feet,- but above this altitude it deviates rapidly. 
Better average agreement cart be obtained by in- 
creasing the exponent slightly. Por example 



^ = £63000 



(24a> 



is within 0.75 per cent up to 25,000 feet and it is out 
by about 1.6 per cent at 30,000 feet. 

Equation (25) is exact for all practical purposes, the 
maximum deviation being about two one-hundrcdths 
of 1 per cent. 

In the logarithmic form of the approximate equa- 
tion, similar to (17) 



it is found that 



^=-log ie + ch) 



-= 25000 -0.42A 
e 



Substituting this into (26) gives 



4 



P» 1 / 68000-0 .14A\ 
p=log^^25000-0.42A/ 



(26) 
(27) 

(28) 



This equation is within two-tenths of 1 per cent up to 
30,000 feet. 



SOME APPROXIMATE EQUATIONS FOB THE STANDARD ATMOSPHERE 

1 



261 



APPROXIMATE EQUATIONS FOB PRESSURE RATIO ^ 

I'he equation for pressure ratio, corresponding to 
equation (1), is 



145366/ 



(1) 



level to "=24700^** 30,000 feet. Fair agreement is 

1 



obtained up to 25,000 feet by the use of c = 



26000 



that 



IS 



(32a) 



Expanding this equation and neglecting all but the 
first two t«rms gives 



P =1 ^ 
p. 27660 



(29) 



Equation (29), like equation (2), does not give satisfac- 
tory agreement for altitudes greater than about 4,000 



feet. Uang 



instead of 



gives reasonable 



33000 """-"^ - 27660 
agreement up to about 14,000 feet. 

Eetaming the third term in the expansion of equa- 
tion (1) gives 



£.= 1 ^ 

^ 27660 



+ (4-3^)* ^''^ 



Equation (30) ^ves good agreement up to 15,000 feet, 
but it diverges rapidly at higher altitudes. Increasing 
the value of the constant in the denominator of the 
third term from 43455 to 48000, that is 



£=1 !L- 

p, 27660 



+(i8UOo)* (3^) 



gives much better general agreement up to 30,000 feet. 
The comparative values from these approximations are 
as follows: 



Plotting the calculated values of c against altitude 
gives -= 27660 -.097A. Substituting this into equa- 
tion 32 gives 

(33) 
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Altitude (S) 



COOO 
feet 



Q.S320 
.8193 
.S4S5 
.832S 
.S3QZ 



10,000 
feet 



aesre 

.63SS 
.6370 
.69U 
.6819 



16,000 
feet 



0.S642 
.4677 
.6156 
.6769 
.6664 



20,000 
f^et 



0.4694 



.3»0 
.4SSS 
.4607 



%,000 
feet 



.2423 
.4278 
.3«77 



30,000. 
feet ' 



0.2968 



These values are plotted on Figure 3. 
The exponential form of the approximate equation 
for pressure ratio is 



e varies almost linearly with k, from c= 



27660 



(32) 
at sea 



TvHch is very accurate. Comparative values from 
equations (32a) and (33) are as follows: 



Altitude 





6,000 
feet 


10,000 
feet 


16,000 
feet 


20,000 


26,000 
leet 


feet 


S., stBodaid 


a8320 


0.6876 


a6642 


a4694 


0.3709 


a296S 







.8260 


.6806 


.6615 


.4632 


.3824 


.3163 


e 

-» 


.8320 


.6875 


.6640 


.4698 


.3714 


.2876 


27860-0197* 
c 





In the approximate equation of the form 



it is found that 



£= 1 
Pt 1+ch 

:=27000- 0.48A 



(34) 
(35) 
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Substituting equation (35) into equation (34) gives 

(36) 



2. 27000- 0.48A 
p,'"2700Q + 0.62A 



which, is in excellent agreement with the standard 
values up to 30,000 feet. 
In fihe logaritibmic form of the approximate equation 



(37) 



c varies with A to a greater extent than was found for 
the density ratio in equation (10). However, good 
agreement can be secured up to 20,000 feet with 

c = f>r,nn/^ ' so that 



27800 



3?, ^°SV27800+A^ 



(38) 



Comparative values from equations (36) and (38) 
are as follows: 



2. standard 

27000-Hl.fi2» - — 
76600 \ 



Altltode 



6,000 
feet 



a 8320 
.8310 
.8336 



10,000 
feet 



a 6876 
.6890 
.6920 



16,000 
feet 



06612 
.6690 
.6673 



20,000 
feet 



a ISM 
.4660 
.4672 



26,000 
feet 



a 8709 
.87(0 
.8676 



30,000 
feet 



0 2968 



APPROXIMATE EQUATIONS FOR VERY HIGH 
ALTITUDES 

The foregoing approximate equations have been 
derived for the altitude range ordinarily required in 
aeronautical work. In certain cases it may be desired 
to use approximate equations up to very high altitudes. 
For this purpose the constants in some of the equations 
may be so modified as to give good or reasonable agree- 
ment-up to practically any required altitude. For 
example, equation (5) with modified constants 

.^ = ^"(35000-0.18*) (39) 
P» 

gives good agreement up to altitudes greater than 
60,000 feet. In a similar manner, equation (8) may 
be written 

. p_ 31000- 0.43A 
P,"31000 + 0.57A 



(40) 



to give good agreement up to 60,000 feet. The range 
of equation (10) can not be extended greatly by a 
simple modification of the constants. However, the 
introduction of an A* term will result in satisfactory 
agreement, but the equation is too complicated to bo 
of value. 

In general, the linear and simple exponential equa- 
tions can not be extended to high altitudes. 

BUREATJ OF AeKONAUTICS, 

Navy Department, 
_ Washington^ D. C, September lQ, 19S0. 
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Tablb I 

ACCURACY OF APPROXIMATE EQUATIONS FOR DENSITY RATIO — 



[Deviations bom standard Tables are gtven as percentages In paientheses] 



1 
! 


Altltade and per cent of error 


5,000 leet 


10,000 leet 


iVXXifeet 


30,000 feet 


StSbOOOfeet 


30^000 feet 


( 

— atandard value 












n vrAn 
U. 0(4U 


h 

^ 40000 




. yoWj 


an ETA 

. 6250 


. 6000 






Per cent of error 






(+L66) 


(+1.66) 


(-0.66) 


(-61 14) 






h . / h \^ 
^ 34160 ' \5Wm) 

Per cent of error _ 


■ oouo 


•Tocn 




R909 




. ooUU 


(-0.09) 


(-a 33) 


(-a 57) 


(-a 66) 


(-0.11) 


( + 1. 60) 


e~fiSo 

Per cent of error 


.8600 


.7366 


.6408 


.5460 


.4683 


.4025 


V V. i.v} 












Per cent of error 


.8615 


.7385 


. 6290 


.6325 


.4483 


.3745 


(-0.01) 


(+a 01) 


(-a 01) 


(-a 04) 


(+0.07) 


(+0. 13) 


33600-0. 63A 

33600+ a 47A 

Per cent of error.. 


.8612 


.7388 


. 6308 


.6348 


.4486 


.3712 


(-CL 05) 


(+a 06) 


(+0.27) 


(+0.40) 


(+0. 13) 


(-0.76) 


, / 91300 N 

KsSQQQ+h) 


.8616 


.7390 


.6304 


.6330 


.4440 


.3612 


(0) 


(+0.08) 


(+0.21) 


(+ao6) 


(-0. 89) 


(-3.43) 
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Tablb II 

ACCURACY OF APPROXIMATE FORMULAS FOR ^ 

p 

[Deviations Irom staDdard values aie given as peiceiitaKes In parentbesea] 





Altltade 


6,000 fset 


U/XMfeet 


11,000 feet 


ao,ooafect 


26,000 feet 


30,000 feet 


— standard value 

p 


L 1606 


1.3642 


1. 6896 


L8772 


2.2320 


2.6787 


1+ ^ 


.1. 167 


1.333 


1.600 


1.667 






' 30000 






(+a 47) 


(-1.64) 


(-6.98) 


(-10.7) 






1+ .... 


1.200 


1.400 


1.600 


L800 


2.000 




^^26000 

Per cent of error _ — 




(+4.26) 


( + 3. 38) 


( + 0. 65) 


(-4.11) 


(-10.4) 








33600+0. 47A 
33600-a 63A 


1. 161 


1.364 


1.684 


1.870 


2.228 


2. 695 


(0) 


(0) 


C-0. 36) 


(-0.38) 


(-a 02) 


C + 0. 78) 


11 * Y 


1. 161 


1. 864 


1. 576 


1. 830 


2. 113 




^+34160 \40600y ; 




(0) 


(0) 


— u. ov) 


(— A 51J 


[, — 0. o^J 




gMOM 


. 1.164 


L868 


L676 


1.834 


2. 133 






(+0.29) 


(+0. 28) 


(-a 89) 


(-2.29) 


C-4.03) 










L 1608 


1.366 


L590 


L877 


2. 230 


2.670 


(-a 02) 


(+0.04) 


(0) 


(0) 


(0) 


(0) 


, /32600+0. 10A\ 
V12OOO-0. 35V 


1. 164 


1. 366 


1.683 


1.870 


2.260 


2.880 


(+0.29) 


(+0.07) 


(-a 41) 


(-0. 38) 


( + 1. 25) 


( + 7.71) 
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taslb in 

ACCURACY OF APPROXIMATE EQUATIONS FOR -yj^ 



[DevfatloDS from standaid Talnes an given as perceitsga in paientbesea] 





Altitude 


6,000 feet 


10,000 ftet 


u,ooa&et 


20,000 laet 


26,000 iNt 


»),000tset 


standard value 


1. 0773 


1. 1637 


1. 2608 


.1. 3701 


1. 4940 


1. 6352 


11 * 


L 0833 


L 167 


1. 250 


L 333 


L 417 




^+60000 

Per cent error _ 




(+0. 66) 


(+a 26) 


. (-a 86) 


(-2. 69) 


(-6. 17) 








1+ ^ 

^50000 

Per cent error 


L 100 


1. 200 


L 300 


L400 


L 500 


L 600 


(+2. 11) 


(+2.86) 


(+3. 11) 


(+2. 18) 


(+a40) 


(-2. 16) 


11 * \( ^ \ 

Per cent error 


L 078 


1. 168 


1.268 


L 378 


1. 600 


1. 622 


(+a06) 


(+0.37) 


(+a66) 


(+a60) 


(+0.40) 


(-a 81) 


68320+0. 293% 

68320-a 707A — 

Per cent error 


1.0772 


1.1634 


L2699 


L3691 


L4936 


L6368 


(-.009) 


(-0.03) 


(-0. 07) 


■(-a 07) 


(-0. 03) 


(+a 10) 




1. 079 


1. 164 


L 255 


L 354 


L461 




Per cent error 




(+0. 13) 


0 


(-a 43) 


(-L 17) 


(-2. 21) 








Per cent error 


L083 


L 172 


L269 


L374 


1.487 


1.610 


(+a 49) 


C+a72) 


(+a 64) 


(+0. 27) 


(-0L47) 


(-1.64) 


Per cent error 


1.0773 


L1639 


L2608 


L3704 


1.494 


L635 


(0) 


(+0. 02) 


(0) 


(+a 02) 


(0) 


(0) 


, /eaooo-o. i4A\ 

^°^V26000-a42A^ 

Per cent error 


1.078 


1. 164- 


'L260 


1.368 


1.491 


L637 


C+ao6) 


0 


(-a 07) 


(-0. 15) 


{-a 20) 


(+0- 13) 



89300—32 ^18 
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Table IV 

ACCURACY OF APPROXIMATE EQUATIONS FOR PRESSURE RATIO 
[DeTlatloiis from standaid values are giTen as parcentages tn pareBtheses] 





Altitude 


iMXiOfeet 


10,000 feet 


UAXlOIeet 


20^ feet 


2«,000{eet 


30,000 feet 


Vo 


0. 8320 


0. 6876 


0. 5642 


0. 4594 


0. 3709 


0. 2968 


1 


.8193 


.6386 


.4677 








27660- : 
Per cent error . 








(—1. 63) 


(—7. 14) 


(— 18. 9) 
















1 * 


.8486 


.6970 


.6466 


.3940 


. 2425 




^ 33000 - 

Per oent error '. 




(+ 1. 98) 


(+L 37) 


C-a 31) 


(— 14 23) 


(—34 60) 








A ./AN' 
^ 27660 ' V48466^ 

Per cent error 


. 8326 


.6914 


.5769 


.4888 


.4273 


.3925 


(+0i 06) 


(+0L 66) 


(+2. 07) 


(+6. 40) 


(+16L 2) 


(+32. 2) 


h .{ h \ 
^ 27660 ' UsOOOy 

Per cent «rror 


.8302 


. 6819 


.6564 


.4507 


.3677 


.8063 


( — 0. 22) 


\ — 0. 83) 


(-1. 66) 


(—1. 89) 


(—0. So) 


(+a 20) 


g 21000 

Per cent error 




. DOUO 




A COO 




04 CO 


(-a 84) 


(-L 08) 


(-a 48) 


(+a83) 


(+a 10) 


C+6.23) 


-» 

O Biinill~U*W( A 

Per oent error 


.8320 


.6876 


...6640 


.4593 


.3714 


.2975 


(0) 


(-0. 01) 


(-0. 04) 


(-0. 02) 


(+0. 13) 


(+0. 24) 


27000-0. m. 
27000+ 0. g,2h 

Per cent error 


. 8310 


.6890 


.. 5690 


.4650 


.3750 


.2958 


(0. 12) 


(+a 20) 


(+0. 85) 


(+1. 22) 


(+1. 11) 


•(-0.34) 


, / 76500 N 
V,27800+Ay 

Per cent error 


. 8336 


.6920 


.5672 


. 4672 


. 3576 


.2678 


(+a 18) 


(+a64) 


(+a 30) 


(-0. 48) 


(-a 58) 


(-9. 77) 



